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Scheduling strategies for master-slave tasking on 
heterogeneous processor platforms 

Banino. C. Beaumont O. Carter. L. Ferrante. J. Legrand. A. Robert. Y. 
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This paper appears in: Parallel and Distributed Systems, IEEE Transactii 

Publication Date: April 2004 
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ISSN: 1045-9219 

Inspec Accession Number: 7951830 
Abstract: 

We consider the problem of allocating a large number of independent, equal-j 
to a heterogeneous computing platform. We use a nonoriented graph to mode 
platform, where resources can have different speeds of computation and com 
Because the number of tasks is large, we focus on the question of determinln- 
optimal steady state scheduling strategy for each processor (the fraction of ti 
computing and the fraction of time spent communicating with each neighbor) 
contrast to minimizing the total execution time, which is NP-hard in most fori 
we show that finding the optimal steady state can be solved using a linear pre 
approach and, thus, in polynomial time. Our result holds for a quite general f 
allowing for cycles and multiple paths in the interconnection graph, and allowi 
several masters. We also consider the simpler case where the platform is a t 
this case can also be solved via linear programming, we show how to derive c 
form formula to compute the optimal steady state, which gives rise to a band 
centric scheduling strategy. The advantage of this approach is that it can dire 
autonomous task scheduling based only on information local to each node; nc 
information Is needed. Finally, we provide a theoretical comparison of the con 
power of tree-based versus arbitrary platforms. 
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computational complexity linear programming optimisation processor scheduling tre 
(mathematics) NP-hard problem bandwidth centric scheduling strategy heterogeneot 
platform linear programming approach master slave tasking optimal steady state 
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21. A system, comprising: a first data processing subsystem comprising a first 
processor coupled to a first bus as a first bus master ; a second data processing 
subsystem comprising a second processor coupled to a second bus as a second bus 
master ; a first slave subsystem comprising a memory unit coupled to a third bus; a 
second slave subsystem comprising a fourth bus; and a bus arbitration module (BAM), 
having the first, second, third, and fourth busses coupled thereto, configured and 
arranged to couple each of the third and fourth busses to any selected one of at 
least the first and second busses so that each of first and second slave subsystems 
can be independently accessed by either of the first and second data processing 
subsystems, thereby enabling the first and second data processing subsystems to 
access different ones of the first and second slave subsystems at the same time, 
the BAM being further configured and arranged to employ an arbitration scheme for 
access to at least a first one of the first and second slave subsystems in which, 
during any period when all requests for access to the first one of the first and 
second slave subsystems are of the same priority level, a first one of the first 
and second data processing subsystems is guaranteed to have access to a greater 
portion of the available bandwidth of the first one of the first and second slave 
subsystems than is a second one of the first and second data processing subsystems. 
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ABSTRACT : 

A multiple bus architecture includes multiple processors, and one or more shared 
peripherals such as memory. The architecture includes plural bus masters, each 
connected to its own bus. There are also plural bus slaves, each connected to its 
own bus. A bus arbitration module selectively interconnects the buses, so that when 
the plural bus masters each access a different bus slave, no blocking occurs, and 
when the plural bus masers each access a same bus slave, bandwidth starvation is 
avoided. The architecture is supported by a bus arbitration method including 
hierarchical application of an interrupt-based method, an assigned slot rotation 
method and a round-robin method, which avoids both bandwidth starvation and lockout 
during extended periods of bus contention. 

25 Claims, 4 Drawing figures 
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To reduce latency on a shared bus during bus arbitration, a novel shared bus system 
uses device select lines between a bus arbiter and the bus devices to select the 
bus slave concurrently with the granting of the shared bus to the bus master. 
Specifically, a bus device requests the use of the shared bus by driving an active 
state on a bus request terminal and driving a destination ID value corresponding to 
the desired bus slave to the bus arbiter. The bus arbiter then drives an active 
state on a bus grant output terminal coupled to the bus grant input terminal of the 
requesting device. Concurrently, the bus arbiter drives an active state on the 
device select output terminal coupled to the device select input terminal of the 
desired bus slave. In addition posted read request tagging can be simplified using 
a transaction ID bus to supplement the shared bus. 

13 Claims, 8 Drawing figures 
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Detailed Description Text (21) : 

The OWNER[6:0] and LOCKED [6:0] signals and the CUT. sub.— RETRY, sub.— MSTR signal 
are provided to the CUT mask generation logic 452, which also receives a signal 
referred to as the CUT. sub. — RETRY. sub. — MSK.sub. — EN or cut retry mask enable 
signal from a bit in an arbitrary I/O port. This bit is used to enable or disable 
operation of the feature wherein the bus request signal of a requesting bus master 
which has been retried based on an access to the PCI-EISA bridge 130 is masked 
until the cycle can be completed without a further retry. When this feature is 
disabled, which is not preferable, then the master may repeatedly retry prior to 
the data being available. The output of the CUT mask generation logic 452 is the 
CUT. sub. — MSK[6:0] signals. Further details of the logic are provided in FIG. 6. 
The OWNER [x] and ! LOCKED [x] signals are the inputs to a two-input AND gate 454. The 
output of the AND gate 454 is connected to the D input of a D-type flip-flop 456. 
The non-inverted output of the flip-flop 4 56 is the CUT. sub. — MSK[x] signal. The 
clocking signal to the flip-flop 456 is provided by the output of a two-input OR 
gate 4 58 which receives the CUT. sub. — RETRY. sub. — MSTR signal at one input and 
the output of a three-input OR gate 4 60 at its second input. The output of the OR 
gate 460 is also provided to the clear input of the flip-flop 456. The OR gate 460 
receives the PCI. sub.— RESET, ! RETRY and ! CUT. sub.— RETRY, sub.— MSK.sub.— EN 
signals. The RETRY signal is provided under several conditions. First, a cycle is 
directed to the EISA bus E, but another cycle is already in progress on the EISA 
bus E. One example is when a prior master has posted a write operation to the EISA 
bus E and that write operation is occurring. Second, a cycle is directed to the 
EISA bus E when a refresh cycle on the EISA bus E is pending or is in progress. The 
third condition is when the PCI-EISA bridge 130 is the responding PCI slave, a lock 
has been set and the requesting bus master is not the locking bus master . This 
condition occurs as the PCI-EISA bridge 130 must not execute a cycle as a locked 
resource to any master except the one placing the lock. The RETRY signal is 
asserted when any of these events occur and is removed or negated when the 
assertion event is completed, such as the lock being released, the posted write 
completing or the refresh completing. The PCI-EISA bridge 130 can obviously 
determine when it is unlocked and can determine the other two events as it is 
performing the posted write operation and it includes the refresh controller. 
Therefore if a cycle directed to the PCI-EISA bridge 130 is retried, and the PCI- 
EISA bridge 130 is not locked, then the CUT. sub. — MSK bit is set to allow this 
master's bus request to be masked until the retry source event is completed. 
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PRIMARY-EXAMINER: Sheikh; Ayaz R. 
ASSISTANT-EXAMINER: Thlang; Eric S. 

ATTY-AGENT-FIRM: Akin, Gump, Strauss, Hauer & Feld, L.L.P. 

ABSTRACT: 

Arbitration circuitry in a computer system having a plurality of arbiters for 
arbitrating requests from bus masters on a PCI bus and an EISA bus. Each of the PCI 
and EISA buses have a plurality of masters. The PCI bus utilizes a modified LRU 
arbitration scheme, while the EISA bus utilizes a rotating priority scheme. The 
arbiter on the EISA bus includes a first level of arbitration and a second level of 
arbitration. The first level is assigned a plurality of requester types to 
determine the priority between the requestor types. Certain of the first level 
requestor types include a plurality of devices. If one of those certain requestor 
types wins priority on the first level arbitration cycle, a second level 
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devices . 
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ART-UNIT: 235 

PRIMARY-EXAMINER: Ray; Gopal C. 
ASSISTANT-EXAMINER: Seto; Jeffrey K. 
ATTY-AGENT-FIRM: Foley & Lardner 
ABSTRACT : 

When a first bus master device issues a bus request on a first request signal line, 
a centralized arbitration circuit in a system bus manage circuit issues a bus grant 
signal on a first grant signal line if the bus is available for use. This causes 
the first bus master device having gained the ownership of the bus to issue a read 
request to a first slave device. At this time a first signal line is designated. 
Even before the sending of the read data constituting a response to this read 
request to the first bus master device, a bus request from a second bus master 
device can be accepted if the data bus is unoccupied. Thus, the centralized 
arbitration circuit in the system bus manage circuit issues a grant signal on a 
second grant signal line. This causes the second bus master device having gained 
the ownership of the bus to designate a second end signal line, and to issue a read 
request to a second slave device. After that, the first end signal line is 
activated, and read data from the first slave device is sent to the first bus 
master device. On the other hand, the second end signal line is activated, and read 
data from the second slave device is sent to the second bus master device. 
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Brief Summary Text - BSTX (20): 

When, by an access as a slave device by a master device on a second system 
bus for accessing a slave device on a first system bus, the apparatus issues a 
bus acquisition request to an arbiter on the first system bus for serving as a 
bus master of the first system bus so that time -out is likely to occur on the 
second system bus before acquiring the right to use the first system bus, this 
bus bridge apparatus performs functions: (i) on the second system bus, issuing 
a re sending request to the master device to terminate a bus cycle temporarily; 
(ii) on the fi rst system bus, if it is before the apparatus acquires the right 
to use the first system bus, abandoning the bus acquisition request and, if it 
is after acquiring the right, delaying the cycle start operation while 
retaining the bus use right, by using said bus cycle generating means, 
thereafter; and (iii) starting the cycle for accessing a slave device on the 
f i rst system bus if, before the bus use right is taken by an arbiter on the 
first system bus, a master device on the second system bus attempts to access 
the apparatus for accessing a slave device on the f i rst system bus. 

Brief Summary Text - BSTX (26): 

When, by an access as a slave device by a master device on a second system 
bus for accessing a slave device on a first system bus, the apparatus issues a 
bus acquisition request to an arbiter on the first system bus for serving as a 
bus master of the first system bus so that time -out is likely to occur on the 
second system bus before acquiring the right to use the first system bus, this 
bus bridge apparatus performs functions: (i) on the second system bus, issuing 
a resending request to the first master device to terminate a bus cycle 
temporarily, and storing that the resending re que st was issued to the first 
master device, in said storing means; (ii) on the first system bus, issuing a 
bus acquisition request until the acquisition of the right to use the first 
system bus, and delaying the cycle while retaining the bus use right, by said 
bus cycle generating means, thereafter; (iii) if the bus use right is taken by 
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